MATERIALS AND METHODS
Cell Culture. BALB/c 3T3 cells and conditions of growth have been described (6) .
Cloning of cDNA and Genomic DNA. A previously described A bacteriophage cDNA library prepared from poly(A)+ RNA of BALB/c 3T3 cells stimulated with serum for 3 hr in the presence of cycloheximide (6) was probed with 32P-labeled murine c-jun orjun-B cDNA. Filters were washed at reduced stringency (0.5 M NaCl at 65°C) or at high stringency (0.1 M NaCl at 65°C) to detect phage that hybridized only at reduced stringency. Seventeen A phage libraries (12) were prepared from size-selected EcoRI fragments of mouse genomic DNA, the sizes corresponding to fragments previously shown by Southern blotting to cross-hybridize with jun-B cDNA (7) . The libraries were screened with 32P-labeled jun-B or murine c-jun cDNA (or cloned fragments thereof) at 650C in 1 M NaCl and washed with 0.3 M NaCl/ 0.03 M sodium citrate at 570C.
Other Methods. DNA sequencing (13) , mRNA mapping (7), nuclear run-on assays (14, 15) , and blot-hybridization analysis of cellular or tissue RNA (Northern analysis; refs. [16] [17] [18] were performed as described (7, 8) .
RESULTS
Isolation and Analysis ofjun-D cDNA. To detect additional jun-related mouse genes, we screened cDNA libraries and genomic libraries with jun-B or c-jun cDNA probes, or both, under conditions of moderate to low stringency. A number of different genomic clones hybridized to one or more cDNA probes. One class of these corresponded to murine c-jun (8) , another tojun-B (7), and another to a third member of thejun family (jun-D) whose cDNA was detected in a BALB/c 3T3 cell library (6) . Of the remaining genomic clones, the most promising hybridizing isolates were found to have only short regions of sequence similarity to jun-B or c-jun.
The sequence of the longest jun-D cDNA detected in the 3T3 cell library and the sequence derived from a 5' overlapping mouse genomic fragment ofjun-D are shown in Fig. 1 .* The complete cDNA is 1675 nucleotides long, corresponding to an electrophoretically estimated length of 1.8 kilobases for jun-D mRNA. The 5' end of the mRNA (nucleotide 1 in Fig.  1 ) was mapped by primer extension on 3T3 cell RNA as well as by S1 nuclease analysis with a probe derived from genomic DNA as described (7) . Sequencing of the overlapping genomic fragment revealed a typical TATA motif 25-30 nucleotides 5' to the inferred transcription start site.
The first ATG at position 121 is preceded by a leader sequence with a G+C content of 85%. This ATG is followed by 1020 nucleotides of additional coding sequence, a termination codon, 532 nucleotides of 3' noncoding sequence, and a poly(A) tail. Although there is no characteristic poly(A) addition signal, there is an AGTAAA sequence near the 3' end that may serve as the signal. In addition, there is a single ATTTA element in the 3' noncoding region (nucleotides 1434-1438), multiple copies of which are associated with mRNA instability (19) .
Comparison ofjun Sequences. When the predicted amino acid sequence of Jun-D is compared with those of murine c-Jun and Jun-B, two long homology regions (HR-1 and HR-2) are seen (Fig. 2) . Between HR-1 and HR-2 and at the amino end are segments with only short stretches of sequence similarity. In each homology region, Jun-D is more similar to murine c-Jun than it is to Jun-B. The C-terminal 40-50% of each Jun protein (including HR-2) retains specific DNAbinding activity and is able to form dimers and interact with Fos (20) . This segment has the heptad repeats of leucine, Abbreviation: HR-1 and HR-2, homology regions 1 and 2. *The sequence reported in this paper is being deposited in the EMBL/GenBank data base (accession no. J04509).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. present in all three Jun proteins, postulated to form an amphipathic helix and a dimerizing "leucine zipper" (25) . HR-1, which is not required for specific DNA binding (2, 3, 20) , contains the stretch of acidic amino acids of c-Jun that is able to substitute for the activator domain of the yeast transcription activator protein GCN4 (21) (Fig. 3A) or by platelet-derived growth factor or fibroblast growth factor (results not shown). Moreover, there is little increase in transcription ofjun-D after serum stimulation ofresting cells, in contrast to what is found for c-jun and jun-B and other immediate early genes (Fig. 3B) . In addition, jun-D mRNA is more stable than the other jun mRNAs after serum stimulation (data not shown). These results suggest that regulation of jun-D expression by serum growth factors is different from regulation of c-jun and jun-B.
Presence ofjun-D mRNA in Tissues and Cell Lines. We have shown (8) that jun-B and c-jun mRNAs are present in many adult mouse tissues and in mouse placenta at days 8-14 of gestation. Similar results have been obtained with jun-D mRNA (Fig. 4A) . With the exception of spleen and thymus, the distribution in tissues is similar to that found for c-jun and jun-B mRNAs; jun mRNAs are also present in many cell lines, but the relative amount of each jun RNA is different in some cell lines compared with others (Fig. 4B) . These observations suggest that the Jun proteins play an important regulatory role in many cell types and that they are often not regulated coordinately. Moreover, since different Jun proteins interact in vitro to form heterodimers (20) , it is possible that in cells expressing more than onejun gene, heterodimers contribute distinct regulatory activities.
DISCUSSION
Three members of the mammalianjun family have now been identified: murine c-jun, jun-B, and jun-D. The three Jun proteins are closely related in amino acid sequence, particularly in the region containing the DNA-binding domain (2, 3, 20) , the heptad leucine repeats (25) , and domains for dimerization and interaction with Fos (20, (22) (23) (24) , and in the segment (HR-1) containing a putative transcription activation domain (21) . Jun-D is more closely related by sequence to c-Jun than to Jun-B. Functionally, the three Jun proteins show similar nucleotide sequence specificity for binding to a series of oligonucleotides, and DNAbinding by each protein is stimulated markedly by Fos (20) . Although no activities unique to a particular Jun protein have been observed so far, the fact that regions of dissimilar sequence in the Jun proteins are evolutionarily conserved [in the case of c-Jun (8) ] suggests that these regions are functionally important and therefore that each protein has distinctive biological properties.
Two observations indicate that regulation of the different murine jun genes is not coordinate. First, the relative amounts of c-jun, jun-B, and jun-D mRNAs in different cells or organs vary, in some cases markedly. Second, the level of jun-D mRNA in nongrowing 3T3 cells is higher than that of c-jun and jun-B mRNAs, and jun-D mRNA is more stable after serum stimulation. Moreover, transcriptional activation 
